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© A conductor has a core wire whose surface is 
coated with the same kind of material as the core 
wire material. A copper wire (1) which forms the core 
wire has its surface cleaned by a preparatory pro- 
cessing mechanism (3) and then it is fed to a con- 
tinuous sputtering unit (4). The continuous sputtering 
rm mechanism (4) coats the surface of the core wire (1) 
<^with copper by coaxial magnetron sputtering meth- 
^od. Thereafter, this wire is drawn by cold working 
{^into a thin wire of predetermined size. 
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Conductor and Method of Producing the Same 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a conductor which is 
required to be small in diameter and high in qual- 
ity, such as a copper wire used as a magnet wire, 
a conductor used in acoustic and image-forming 
appliances such as stereos and VTRs, and a bond- 
ing wire used for connecting semiconductor ele- 
ments such as integrated circuits and transistors, 
and it also relates to a method of producing the 
same. 



Description of the Prior Art 

Conventionally, in producing thin metal wires, 
first an ingot is prepared. The ingot is then sub- 
jected to multistage hot and cold working a number 
of times until a thin wire of desired size is obtained. 

As a variation thereof, there is a dip forming 
process as described, for example, on pages 980- 
987 of Report No. 12, VoU 21 (1982) from the 
Japan Institute of Metals. In this process, a core 
wire is passed at high speed through a crucible 
containing molten copper, whereby said core wire 
is thickened as the molten copper sticking thereto 
solidifies. Thereafter, the core material is rolled to 
produce a roughly drawn wire. 

The conventional methods described above 
were each developed as suitable methods for mass 
production (for example, several tons/hour to tens 
of tons/hour). Thus, they cannot always be said to 
be suitable methods, from the standpoint of quality, 
quality control and processability, for producing 
wires such as conductors used for modem elec- 
tronics which requires high purity, high quality and 
severe thinning. 

That is, when metal is melted in large amounts, 
it is impossible to prevent contamination of foreign 
matter. Further, hot working often causes foreign 
matter to enter in the vicinity of the metal surface. 
In the field of very thin wires, wire breakage forms 
a major factor which impedes productivity, it has 
been found that most of the wire breaks are caused 
by foreign matter such as ceramics and iron pow- 
ders contaminating into the metal during melting 
and casting or working. Further, multistage wire 
drawing process makes complicated the control of 
lubricants, dies, and wire drawing machines. 



For conductors used for wiring acoustic and 
image-forming appliances such as stereos and 
VTRs, it is considered desirable that conductors 
contain a miniumum of dissimilar elements includ- 

5 ing such components as oxygen. However, it is 
difficult to maintain the entire conductor in the state 
of high purity copper. The reason is that if. for 
example, an ingot of high purity copper is remelted 
or cast, dissimilar elements or foreign matter often 

w contaminates into the metal during processing, thus 
making it impossible to maintain the high purity. 
After all, when conventional conductors for acoustic 
and image-forming appliances are used, it has 
been impossible to obtain sounds or images of 

75 good quality. 

It is required that bonding wires for connecting 
semiconductor elements be small in diameter and 
high in quality and reliable. Conventionally, as for 
this type of bonding wires, thin wires of gold, 

20 aluminum or copper have been practically used or 
investigated for practical use. In the case of a thin 
wire of gold, its connecting property is good, but 
there is a problem of high cost In recent years, to 
reduce cost by avoiding the use of noble metals, 

25 bonding wires of aluminium, aluminum alloy, cop- 
per or copper alloy have been given attention, 
being about to be put into practical use. In the case 
of a bonding wire to be used for connection, con- 
tamination of foreign matter should be avoided to 

30 maintain the good connecting property. That is, it is 
considered desirable to use high purity metal in 
making bonding wires. 

However, high purity metal itself is of high cost 
Further, its drawing property is poor because of its 

35 lack of strength. For example, in the case of a 
bonding wire of high purity aluminum, because of 
its low recrystallization temperature, it is recrystal- 
lized by the heat of friction produced during draw- 
ing. Further, if an ingot for bonding wires made of 

40 high purity metal is remelted and cast there is the 
danger of foreign matter contaminating into the 
metal during processing, thus making it impossible 
to maintain the high purity. 



45 



SUMMARY OF THE INVENTION 



An object of this invention is to provide a 
production method capable of obtaining a thin met- 
so a! wire of high purity and high quality while pre- 
venting contamination of foreign matter during pro- 
duction. 
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Another object of the invention is to provide a 
bonding wire for connecting semiconductor ele- 
ments, which is of low cost and superior in drawing 
property and capable of maintaining its good con- 
necting property, and to provide a method of pro- 
ducing the same. 

A further object of the invention is to provide a 
conductor for acoustic and image-forming appli- 
ances, which is capable of obtaining sounds and 
images of good quality, and to provide a method of 
producing the same. 

A conductor obtained by the invention is char- 
acterized in that the surface of a core wire of 
electrically conductive material is coated with same 
kind of material wire as that of the core wire. The 
method of producing the conductor according to 
the invention is characterized in that the surface of 
a metal core wire is coated with the same kind of 
metal as the metal core wire by vapor phase meth- 
od. In a preferred embodiment, after the surface of 
the core wire is coated with the same kind of 
material by vapor phase method, the core wire is 
processed by plastic working unit it becomes a thin 
wire of predetermined size. 

The coating by vapor phase method, as com- 
pared with that obtained by other coating methods, 
make it easy to attain high quality and cleanliness. 
Therefore, if a wire whose surface have been coat- 
ed with a clean metal having no foreign matter is 
drawn by plastic working until it becomes a thin 
wire of predetermined size, a thin metal wire of 
high purity and high quality can be obtained with 
less occurrence of wire breakage. 

Coating by vapor phase method and plastic 
working may be alternately performed a number of 
times. More particularly, the surface of core in the 
form of a portion or the whole of the thin metal wire 
of high purity and high quality obtained by the 
method described above is coated again with the 
same kind of metal by vapor phase method. There- 
after, this wire is drawn by plastic working. If this 
process is repeated once or a number of times, a 
very thin wire of high purity and high quality can be 
obtained. In this case,- contamination of foreign 
matter rarely occurs and so does wire breakage. 

According to the method of the invention, a 
metal core wire of particularly small diameter is 
prepared and a metal is deposited on its surface 
by vapor phase method and then the wire is sub- 
jected to plastic working. Therefore, the number of 
processes by plastic working can be reduced. For 
this reason, if the invention is used for production 
of thin wires of less than 30 urn, which should be 
called very thin wires, process control can be facili- 
tated because of a reduced number of processes 



involved. Further, processability is good with no 
excessive force involved in wire drawing, so that 
efficiency of production is high. Further, the coating 
metal can be easily made pure to a great degree. 

5 The term "metal" used in this specification 
includes an alloy, and the term "same kind" in- 
cludes not only a combination of the same metal 
but also such a combination as aluminum and an 
aluminum alloy. Thus, in the method of the inven- 

io tion, the metal which forms the surface of the metal 
core wire is the same in main components as the 
coating metal. With the arrangement thus made, 
the wire obtained is electrochemically stable and 
the danger of corrosion on the end surfaces can be 

rs reduced. Further, the adhesion between the core 
and the deposited coating material is improved. 

As for coating by vapor phase method, phys- 
ical vapor deposition, such as a sputtering, or 
chemical vapor deposition, such as plasma CVD 

20 method, can be used. If coating is effected by 
sputtering, a wide variety of materials can be de- 
posited on the core wire with high adhesive 
strength. Coating by chemical vapor deposition 
uses a gas which can be easily refined, so that 

25 deposition with high purity and high quality is pos- 
sible. 

As for plastic working subsequent to metal 
coating by vapor phase method, industrially, wire 
drawing using a drawing die in the cold is conve- 

30 nient. The use of a drawing die enables plastic 
working to be performed while enhancing the adhe- 
sion between the core and the deposited coating 
material. In this case, plastic working in one pro- 
cess is performed so that preferably the percent- 

35 -age reduction in the cross-sectional area is within 
the range of 15-90 %. Plastic working with a per- 
centage reduction of less than 15 % would de- 
crease efficiency of production. On the other hand, 
plastic working with a percentage reduction of 

40 more than 90 % would impair the softness and 
elongation property of the resulting wire. Further, It 
is sometimes difficult to perform plastic working 
with a percentage reduction of more than 90 % for 
each deposition. 

45 The invention, which achieves the merits de- 
scribed above, is effectively employed for the pro- 
duction of bonding wires for connecting semicon- 
ductor elements, conductors for wiring image-for- 
ming and acoustic appliances, and magnet wires of 

so copper or aluminum. 

Preferably, the conductor for acoustic and 
image-forming appliances is in the form of a cop- 
per wire of 99.99 % or above purity whose surface 
has been coated with copper of 99.999 % or above 

55 purity. The method of production of conductors for 
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acoustic and image-forming appliances is charac- 
terized in that the surface of a copper wire of 99.99 
% or above is coated with copper of 99.999 % or 
above by vapor phase method. 

High frequency signal currents in acoustic and s 
image-forming appliances flow in the vicinity of the 
surface of a conductor because of the skin effect 
According to the preferred embodiment described 
above, the core is made of copper of 99.99 % or 
above purity, while the surface area through which io 
high frequency current flows is made of high purity 
copper of 99.999 % or above. Therefore, high 
frequency current flows under a low AC resistance, 
without the possibility of a phase difference being 
caused by the effects of impurity eiements. Thus, 75 
the use of a conductor for acoustic and image- 
forming appliances according to the invention 
makes it possible to obtain sounds and images of 
good quality. 

Coating with copper of 99.999 % or above 20 
purity is realized by vapor phase method, dip plat- 
ing and wire drawing. On the other hand, according 
to the method of the invention, copper of 99.999 % 
or above purity is used for coating by vapor phase 
method. In the case of coating by vapor phase 25 
method, as compared with other coating methods, 
control of high purity and cleanliness is easy. 
Therefore, the surface of the core can be easily 
coated with copper or high purity and high quality 
containing no foreign matter. As for coating by 30 
vapor phase method, physical deposition, such as 
sputtering, or chemical deposition, such as plasma 
CVD method, can be employed. 

Subsequently to coating with copper of high 
purity by vapor phase method, cold working is " 35 
performed so that the percentage reduction in 
cross-sectional area is preferably within the range 
of 20-90 %. This cold working ensures that sounds 
and images obtained are of high quality. In the 
case of a percentage reduction of less than 20 %, ao 
improvement m sounds and images would be in- 
sufficient Such improvement will be substantially 
saturated at a percentage reduction of about 90 %. 
Thus, with a percentage reduction of more than 90 
%, satisfactory improvement could not be expect- 45 
ed; rather, there would be the danger of flexibility 
being impaired. 

The bonding wire for wiring semiconductor ele- 
ments obtained by the invention is preferably in the 
form of a thin metal wire of copper, aluminum or so 
gold whose surface has been coated with the sam8 
kind of metal of higher purity. Therefore, this bond- 
ing wire will exhibit a good connecting property. As 
compared with a bonding wire made entirely of 
high purity metal, the bonding wire of the invention 55 



has its surface alone of high purity metal, so that it 
is of low cost and superior in drawing property. 
Thus, the inner metal of relatively low purity contri- 
butes to lowering cost and increasing strength. 

The terms "copper," "aluminum," and "gold" 
include their respective alloys, and the term "same 
kind," as described above, includes not only com- 
bination of the same metal but also a combination 
as aluminum alloy and aluminum. 

The coating metal of relatively high purity con- 
tributes to improving the connecting property of the 
bonding wire. In this connection, to ensure a good 
connecting property, the coating metal is preferably 
of 99.99 % or above purity. Coating with a metal of 
relatively high purity is performed by vapor phase 
method, dip plating or wire drawing, but coating by 
vapor phase method is particularly preferable. As 
for coating by vapor phase method, physical depo- 
sition, such as sputtering, or chemical deposition, 
such as plasma CVD method, can be employed. 

The method of producing bonding wires for 
wiring semiconductor elements according to the 
invention is characterized in that the surface of a 
thin metal wire of copper, aluminum or gold is 
coated with the same kind of metal of higher purity 
than said thin metal wire by vapor phase method. 
Coating by vapor phase method and subsequent 
wire drawing may be alternately performed a plu- 
rality of time. In this case, contamination of foreign 
matter rarely occurs and so does wire breakage. 
Therefore, if a thin metal wire of particularly small 
diameter is prepared and its surface is coated with 
metal by vapor phase method and then processed 
by cold working; thus, the number of processes 
can be reduced. Further, processability is good 
with no excessive force involved in wire drawing, 
so that efficiency of production is high. As for 
plastic working subsequent to metal coating by 
vapor phase method, industrially, wire drawing us- 
ing a drawing die in the cold is convenient The 
use of a drawing die enables plastic working to be 
performed while enhancing the adhesion between 
the core and the deposited coating material. 

These objects and other objects, features, as- 
pects and advantages of thepresent invention will 
become more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 



A BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an apparatus 
for performing coaxial magnetron sputtering meth- 
od; 

Rg. 2 is a schematic view of an apparatus 
for performing vacuum vapor deposition and wire 
drawing with a die; 
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Fig. 3 is a sectional view of a wire obtained 
according to the invention; 

Rg. 4 is a sectionai view of a twisted wire 
conductor using a conductor 101 shown in Rg. 3; 
and 

fig. 5 is a sectional view of a tape-like con- 
ductor obtained according to the invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Example 1 

Using an apparatus shown in Rg. 1, the sur- 
face of a wire of 20 um in diameter with a clean 
surface was coated with copper by coaxial mag- 
netron sputtering method to provide a round wire of 
30 urn in outer diameter. In Rg. 1, the numeral 1 
denotes a core- wire; 2 denotes a supply mecha- 
nism; 3 denotes a preparatory processing mecha- 
nism; 4 denotes a continuous sputtering unit; 5 
denotes a magnet; 6 denotes a target; and 7 de- 
notes a winding mechanism. 

Said round wire was drawn again using a cold 
working die to change its diameter to 20 um. The 
degree of cold working was 56 %. The wire draw- 
ing was smoothly effected with very few wire 
breaks. The weight per wire break was 5.3 times as 
much as when drawing a material obtained by a 
conventional method. Further, according to the 
method used in this example, the yield was high. 

The surface of the wire of 20 urn in diameter 
formed in the manner described above was coated 
with copper by sputtering to change its outer diam- 
eter to 30 urn, whereupon the wire was drawn to 
change its diameter 20 um. The result was the 
same as described above. 



Example 2 

9 Enamel was applied by baking to the surface 
of the copper wire of 20 urn in diameter obtained 
in Example 1, whereby the wire was processed into 
a magnet wire. The magnet wire thus obtained had 
a good elongation property. That is, whereas the 
elongation of a magnet wire obtained by a conven- 
tional method was 16 %, the magnet wire obtained 
by the invention exhibited an elongation value of as 
high as 20 % while having substantially the same 
strength as said magnet wire obtained by a con- 
ventional method. 



Example 3 

Using an apparatus shown in Rg. 2, an alu- 
minum wire of 100 urn in diameter was produced. 

5 In Rg. 2, the numeral 11 denotes a core wire; 12 
denotes a supply mechanism; 13 denotes a pre- 
paratory processing unit; 14 denotes a die; 16 
denotes a driving mechanism; and 17 denotes a 
winding mechanism. 

io Concretely, while cleaning the surface of an 
aluminum wire of 100 urn in diameter having a 
purity of 99.99 %, aluminum of 99.999 % purity 
was continuously deposited on said surface by 
vacuum vapor deposition until the wire diameter 

75 was 110 urn. This wire was continuously drawn 
through a die to reduce its diameter to 100 urn. 
Thereafter, the wire was subjected to vapor deposi- 
tion and drawing repetitively, with the same man- 
ner, while continuously cleaning its surface. The 

20 number of times of vapor deposition and drawing 
performed was 5; finally, an aluminum wire of 100 
urn in diameter was obtained. 

The aluminum wire thus obtained was used as 
a bonding wire for wiring semiconductor elements; 

25 the bonding wire was found to exhibit a good 
corrosion resistance and bonding characteristic. 



Example 4 

30 

Using the apparatus shown in Fig. 1, the sur- 
face of a gold wire of 25 um in diameter having a 
purity of 99.99 % was coated with gold of the same 
purity by sputtering until its outer diameter was 30 
35 um. The wire thus obtained was drawn to reduce 
its diameter to 25 um and was used as a bonding 
wire. 

In this case also, a number of dies can be used 
for drawing, and it was found suitable to use them 
40 in a clean room controlling small-sized auxiliary 
units attached to the wire drawing machine. 



Example 5 

45 

After the surface of a copper wire of 0.127 mm 
in diameter having a purity of 99.95 % was 
cleaned, the surface of this copper wire was coated 
with copper of 99.999 % purity until its diameter 

so was 0.16 mm. Thereafter, the wire was drawn until 
its diameter was 0.127 mm. 

A number of thin wires thus obtained were 
twisted together and insulated. The twisted wire 
was used for wiring a VTR, and the images and 

55 sounds obtained were clear. 
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Example 6 

The surface of a copper wire of 99.99 % purity 
was coated with copppr of 99.999 % by vacuum 
vapor deposition. The conductor thus obtained was 
cold-worked using a die so that the percentage 
reduction m cross-sectional area was 70 %. Rg. 3 
shows the cross section of the wire 101 thus ob- 
tained. The core 102 is copper of 99.99 %, while 
the surface area 103 is copper of 99.999 %. The 
outer diameter is 0.12 mm and the thickness of the 
coat of high purity copper is 0.01 mm. 

To use this conductor 101 for wiring a VTR, 7 
such conductors were twisted together to form an 
electrical wire, as shown in Rg. 4. The sounds and 
images of the VTR were compared with those 
obtained by an electrical wire formed of conductors 
of the same diameter made of a soft material of 
conventional oxygen-free copper. It was found that 
when the conductor 101 which is an example of the 
invention obtained in the manner described above 
was used, the sounds were very rich and clear and 
the images were clear. 



Example 7 

The surface of a copper wire of 9959 % was 
coated with copper of 99.999 % by plasma CVD 
method to provide a tape-like conductor 104 as 
shown i Rg. 5. the conductor was then punched 
and used as a lead for transistors in stereos. As 
compared with a lead of conventional oxygen-free 
copper, this lead provided clear sounds and sound 
effects of good quality. 



Example 8 

The surface of a thin metal wire of 25 juun in a 
diameter made of AM %Si alloy was coated with 
aluminum of 99.999 % purity by vacuum vapor 
deposition to provide a bonding wire of 30 urn in 
diameter. 

In addition, it was very difficult to draw a thin 
aluminum wire made entirely of 99599 % Al, which 
was used as a comparative material, until its diam- 
eter was 30 urn. In contrast, it was easy to draw 
the bonding wire formed in the manner described 
above. 

The bonding wire thus obtained was used for 
supersonic wedge bonding, and it was found that 
its bonding characteristic was superior to that of a 
bonding wire made entirely of AM % Si alloy. 



Example 9 

The surface of a copper wire of 90 urn in 
diameter having a purity of 99.99 % was coated 

5 with copper of 99.9998 % purity by sputtering until 
its diameter was 100 urn. It was then drawn until its 
diameter was 25 urn for use as a bonding wire. 
This bonding wire was bonded to an A! vapor 
deposition electrode by ball bonding method mak- 

70 ing a ball by arc discharge method in an Ar at- 
mosphere. It was found that the wedge bonding 
area between the bonding wire and the ball bond- 
ing area and the wedge bonding area between the 
bonding wire and an Af-plated lead frame portion 

is were both superior in bonding characteristic. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 

20 limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 



25 Claims 

1. A conductor having a core wire whose sur- 
face is coated with the same kind of material. 

2. A conductor as set forth in claim 1, wherein 
30 said coating material is higher in purity than said 

core wire. 

3. A conductor as set forth in claim 1, wherein 
said conductor is a bonding wire for connecting 
semiconductor elements. 

35 4. A conductor as set forth in claim 3. wherein 
said core wire material is copper, aluminum or 
gold, while said coating material is the same kind 
of metal higher in purity than said core wire ma- 
terial. 

40 5. A conductor as set forth in claim 4, wherein 
the purity of said coating metal is 99.999 % or 
above. 

6. A conductor as set forth in claim 1, wherein 
said conductor is a conductor for use in acoustic 

45 and image-forming appliances. 

7. A conductor as set forth in claim 6, wherein 
said core wire is a copper wire of 99.99 % or 
above purity, while said coating material is copper 
of 99.999 % or above purity. 

so 8. A method of producing a conductor, com- 
prising the step of coating the surface of a core 
wire of electrically conductive material with the 
same kind of material as said core wire material by 
vapor phase method. 

55 9. A method of producing a conductor as set 
forth in claim 8, wherein said coating material is 
higher in purity than said core wire material. 
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10. A method of producing a conductor as set 
forth in claim 8, wherein the surface of said core 
wire is coated with the same kind .of materia! by 
vapor phase method, and then said core wire is 
processed until it is a thin wire of predetermined 
size. 

11. A method of producing a conductor as set 
forth in claim 10, wherein said coating process by 
vapor phase method and said plastic working pro- 
cess are alternately performed a plurality of times. 

12. A method of producing a conductor as set 
forth in claim 10, wherein the material which forms 
the surface of said core wire is the same in princi- 
pal components as said coating metal. 

13. A method of producing a conductor as set 
forth in claim 10, wherein said plastic working is a 
wire drawing operation using a drawing die; 

14. A method of producing a conductor as set 
forth in claim 10, wherein said plastic working is 
performed to that the percentage reduction in 
cross-sectional area is within the range of 15*90 %. 

15. A method of producing a conductor as set 
forth in claim 10, wherein said coating metal is a 
high purity metal of 99.99 % or above purity. 

16. A method of producing a conductor as set 
forth in claim 10, wherein said core wire and said 
coating metal are both copper. 

17. A method of producing a conductor as set 
for in claim 10, wherein said core wire and said - 
coating metal are both aluminum. 

18. A method of producing a conductor as set 
forth in claim 10, wherein said core wire and said 
coating metal are both gold. 

19. A method of producing a conductor as set 
forth in claim 10, wherein said coating by vapor 
phase method is performed by sputtering. 

20. A method of producing a conductor as set 
forth in claims 10, wherein said coating by vapor 
phase method is performed by chemical vapor 
deposition. 

21. The product of the method of claim 10. 

22. A method of producing a conductor as set 
forth in claim 8, wherein said conductor is a con- 
ductor for use in acoustic and image-forming appli- 
ances. 

23. A method of producing a conductor as set 
forth in claim 22, wherein said core wire material is 
a copper wire of 99.99 % or above purity, while 
said coating material is copper of 99.999 % or 
above purity. 

24. A method of producing a conductor as set 
forth in claim 23, wherein said coating by vapor 
phase method is performed by sputtering. 

25. A method of producing a conductor as set 
forth in claim 23, wherein said coating vapor phase 
method is performed by chemical vapor deposition. 



26. A method of producing a conductor as set 
forth in claim 23, wherein cold working is per- 
formed subsequently to said coating process so 
that the percentage reduction in cross-sectional 

5 area is within the range of 20-90 %. 

27. The product of the method of claim 23. 

28. A method of producing a conductor as set 
forth in claim 8, wherein said conductor is a bond- 
ing wire for connecting semiconductor elements. 

io 29. A method of producing a conductor as set 
forth in claim 28, wherein said core wire material is 
copper, aluminum or gold, and said coating ma- 
terial is the same kind of metal higher in purity than 
said core wire material. 

75 30. A method of producing a conductor as set 
forth in claim 28, wherein said coating by vapor 
phase method is performed by sputtering. 

31. A method of producing a conductor as set 
forth in claim 28, wherein said coating by vapor 

20 phase method is performed by chemical deposi- 
tion. 

32. A method of producing a conductor as set 
forth in claim 28, wherein said coating process is 
followed by wire drawing. 

25 33. The product of the method of claim 28. 
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